The ultraviolet-to-radio continuum spectral energy distributions are presented for all 75 galaxies in the Spitzer Infrared Nearby Galaxies Survey (SINGS). A principal component analysis of the sample shows that most of the sample's spectral variations stem from two underlying components, one representative of a galaxy with a low infrared-toultraviolet ratio and one representative of a galaxy with a high infrared-to-ultraviolet ratio. The influence of several parameters on the infrared-to-ultraviolet ratio is studied (e.g., optical morphology, disk inclination, far-infrared color, ultraviolet spectral slope, and star formation history). Consistent with our understanding of normal star-forming galaxies, the SINGS sample of galaxies in comparison to more actively star-forming galaxies exhibits a larger dispersion in the infrared-to-ultraviolet versus ultraviolet spectral slope correlation. Early-type galaxies, exhibiting low star formation rates and high optical surface brightnesses, have the most discrepant infrared-to-ultraviolet correlation. These results suggest that the star formation history may be the dominant regulator of the broadband spectral variations between galaxies. Finally, a new discovery shows that the 24 m morphology can be a useful tool for parameterizing the global dust temperature and ultraviolet extinction in nearby galaxies. The dust emission in dwarf /irregular galaxies is clumpy and warm accompanied by low ultraviolet extinction, while in spiral galaxies there is typically a much larger diffuse component of cooler dust and average ultraviolet extinction. For galaxies with nuclear 24 m emission, the dust temperature and ultraviolet extinction are relatively high compared to disk galaxies.
INTRODUCTION
Interstellar dust has always presented challenges to astronomers. Extinction makes it difficult to extract intrinsic fluxes. Reddening leads to uncertain colors. An outstanding challenge is to identify dust absorption features (diffuse interstellar bands) that were discovered over 80 years ago. Nonetheless, interstellar dust also provides unique opportunities for understanding galaxy structure and evolution. The formation of molecules, interstellar heating and cooling processes, polarization, and photometric redshift indicators are just a few of the areas of study that benefit from the presence and knowledge of interstellar grains (for a review see Draine 2003) .
Although dust primarily releases energy over infrared and submillimeter wavelengths, much of the radiation intercepted by interstellar grains originates in the ultraviolet from the atmospheres of OB stars. Thus, the combination of infrared and ultraviolet data should provide a powerful diagnostic of star formation and selective extinction. One important application is determining ultraviolet-based star formation rates corrected for dust extinction. High-redshift surveys carried out in the rest-frame ultraviolet and optical, for example, are particularly vulnerable to the presence of interstellar dust (e.g., Adelberger & Steidel 2000) . Fortunately, studies coupling infrared and ultraviolet data have shown that the slope of the ultraviolet continuum is one such useful probe of the extinction in starburst galaxies (e.g., Calzetti et al. 1994; Meurer et al. 1999) . Subsequent work in this area has explored how the infrared-to-ultraviolet ratio and its scatter depend on bolometric and monochromatic luminosity, ultraviolet spectral slope, metallicity, diameter, star formation rate, etc. (e.g., Gordon et al. 2000 Gordon et al. , 2004 Buat et al. 2002 Buat et al. , 2005 Bell 2003; Kong et al. 2004; Burgarella et al. 2005; Calzetti et al. 2005; Seibert et al. 2005; Cortese et al. 2006; Schmitt et al. 2006; Iglesias-Páramo et al. 2006; Inoue et al. 2006) . One consistent result relevant to the work presented here is that normal star-forming (nonstarburst) galaxies show larger scatter in plots of the infrared-to-ultraviolet ratio as a function of the ultraviolet spectral slope, with normal galaxies systematically exhibiting redder slopes than starburst galaxies. This broadening in the trend has been attributed to geometry, integrated versus local extractions, and/or the increased fractional contributions from recent (vs. current) star formation (e.g., Bell et al. 2002; Kong et al. 2004; Calzetti et al. 2005; Seibert et al. 2005; Boissier et al. 2007 ).
We are interested in exploring how the infrared-to-ultraviolet ratio depends on quantities like optical and mid-infrared morphology, ultraviolet and far-infrared color, and geometry within the Spitzer Nearby Galaxies Survey (SINGS) sample (Kennicutt et al. 2003) . But in broader terms, the main focus of this paper is to simply present a panchromatic atlas of the broadband spectral energy distributions (SEDs) of a large, diverse sample of nearby galaxies and to quantify the variety of spectral shapes evident in such a sample. Since the fluxes presented in this work span wavelengths from the far-ultraviolet to the radio and are integrated over entire galaxies, this data set should prove useful to astronomers studying galaxies at high redshifts, where only information on the global properties of galaxies is accessible and the rest-frame ultraviolet data are shifted into optical bandpasses. One may plausibly argue that the variety of luminosities and spectral shapes typically seen in high-redshift surveys will be different than the diversity presented below for the SINGS sample (e.g., 10
7 P L IR /L P 10 11 ), since flux-limited surveys at high redshifts will mainly be sampling luminous and infrared-warm systems. On the other hand, deep far-infrared surveys show significant numbers of higher redshift systems similar to local normal star-forming galaxies in mass, size, and dust temperature (e.g., Chapman et al. 2002; Sajina et al. 2006) . In either case, the rich collection of Spitzer, GALEX, and ancillary data provided by the SINGS project represents an important panchromatic baseline for extragalactic work.
Some of the analysis presented below could be accomplished using existing data sets, for example, the GALEX+UBV+2MASS+ IRAS work of Gil de Paz et al. (2007) . However, the sensitivity and angular resolution of our Spitzer observations allow us to probe the dust emission in both bright and faint galaxies, and to do so in a spatially resolved manner. The paper is outlined as follows. In x 2 we present the SINGS sample, while in x 3 we present the collection of ultraviolet, optical, near-infrared, infrared, submillimeter, and radio data. The analysis of the broadband SEDs is described in x 4, and the infrared-to-ultraviolet ratio is explored in detail in x 5. A discussion and summary of the main results are provided in x 6.
THE SAMPLE
The selection of the 75 galaxies in SINGS ( Kennicutt et al. 2003) aimed to span a wide range in three key parameters (optical morphology, luminosity, infrared-to-optical ratio) and to adequately sample several other secondary parameters (e.g., infrared color, metallicity, surface brightness, inclination, bar structure). The SINGS sample is comprised of nearby galaxies, with a median distance of $10 Mpc and a maximum distance of 30 Mpc. SINGS galaxies come from a wide range of environments and galaxy types: low-metallicity dwarfs; quiescent elliptical galaxies; dusty grand-design spiral galaxies; Seyferts, LINERs, and star-forming nuclei of normal galaxies; systems within the Local Group and M81 group; and both field and (Virgo) cluster galaxies (Table 1) . Tables 2 and 3 present the global flux densities for the entire SINGS sample, for wavelengths spanning the ultraviolet through the radio. The data are corrected for Galactic extinction (Schlegel et al. 1998 ) assuming A V /E(B À V ) % 3:1 and the reddening curve of Li & Draine (2001) . The effect of air mass has been removed from the ground-based fluxes. Below follows a description of the new ultraviolet and optical and archival radio data collected for the SINGS program, in addition to a few updates to the Spitzer data presented in Dale et al. (2005) .
THE DATA

Ultraviolet Data
The GALEX mission ) is performing an allsky survey at ultraviolet wavelengths. The imaging portion of the survey is being carried out with a far-ultraviolet and a nearultraviolet filter centered at 1528 and 2271 8 with respective FWHMs of 269 and 616 8. In addition to imaging the entire sky with an effective exposure time of $0.1 ks, GALEX is also carrying out relatively deep integrations ($1.5 ks) for a few hundred nearby galaxies, including nearly the entire SINGS sample. With an angular resolution of 4 00 Y 6 00 , the spatial details in GALEX images are well matched to those seen in Spitzer 24 m imaging and more resolved than in Spitzer 70 and 160 m images. At the median distance of the SINGS sample ($10 Mpc), the GALEX and MIPS 24 m data probe spatial scales of about $300 pc. This resolution, coupled with the GALEX field of view of 1.25
, allows for robust measures of sky-subtracted, spatially integrated ultraviolet fluxes even for large nearby galaxies.
Integrated ultraviolet fluxes are computed from the surface photometry profiles derived for the GALEX Atlas of Nearby Galaxies Notes.-Units of right ascension are hours, minutes, and seconds, and units of declination are degrees, arcminutes, and arcseconds. The ellipse parameters used in extracting optical and infrared fluxes are listed above. The position angle is measured east of north. Daggers indicate that the galaxy was used in the principal component analysis (see x 4.3).
a See x 5.3. Entries are not included for NGC 3034 (saturated) and M81 Dwarf A and Holmberg IX (nondetections). b The equivalent radius of the ellipse including half of the total far-ultraviolet light. c The bright core of NGC 3034 (M82) has rendered the Spitzer data extremely difficult to process. Saturation effects severely limit our ability to extract reliable flux densities. Table 2 lists the global fluxes that include an asymptotic extrapolation to the isophotal profiles. The extrapolations are typically small and result in asymptotic fluxes that are, on average, 14% larger than those obtained at the optical radius: h f UV (asymptotic)/f UV (R 25 )i ¼ 1:14 with a dispersion of 0.16 and 0.14 in the far-and near-ultraviolet, respectively. Foreground field stars and background galaxies were masked before flux extraction (see Gil de Paz et al. 2007 ). Some of the SINGS galaxies have not yet been observed with GALEX, but observations are soon planned ( NGC 1377, NGC 3184, NGC 5033, and IC 4710) , and a few only have near-ultraviolet observations because the far-ultraviolet detector was turned off at that time (see Table 2 ). Bright nearby stars make it unlikely that GALEX will obtain data for NGC 5408.
The uncertainties listed in Table 2 include the formal uncertainties from the weighted fits to the growth curves using the uncertainties of the individual points in the growth curves, in addition to absolute calibration uncertainties of $15% in both the far-and near-ultraviolet.
The average far-ultraviolet radiation field can be estimated from the far-ultraviolet fluxes and a beam size that characterizes the area from which the far-ultraviolet flux is emitted. In units of the local Milky Way field (1:6 ; 10 À3 ergs cm À2 s À1 ), the average farultraviolet radiation field, uncorrected for extinction, can be expressed as
where FUV is the equivalent radius of the ellipse including half of the total far-ultraviolet light (see Tables 1 and 2) . Typical values for the SINGS sample span 1 P G 0 P 25 with a median value of G 0 ¼ 7:4.
Optical Data
Although RC3 fluxes (de Vaucouleurs et al. 1991) in the B and V bands are available for a large portion of the SINGS sample, we pursued a BVRI imaging campaign for reasons of consistency, sensitivity, and completeness. The optical imaging for the SINGS project was carried out over the course of five observing runs at the Kitt Peak National Observatory (KPNO) 2.1 m telescope and one observing run at the Cerro Tololo Inter-American Observatory (CTIO) 1.5 m telescope between 2001 March and 2003 February. Broadband photometry was obtained in (Harris) BVRI using 2K ; 2K CCDs with pixel scales and fields of view of 0.305 00 and 10 0 at KPNO and 0.433 00 and 14.5 0 at CTIO. Galaxies more extended than the CCD fields of view were imaged at multiple, overlapping pointings. Typical exposure times were 1440 s (B), 720 s (V ), 420 s (R), and 840 s (I ), usually split into two separate exposures to aid cosmic-ray removal. Such exposures reach a depth of about 25 mag arcsec À2 at a signal-to-noise ratio of $10 per resolution element.
Data processing consisted of standard routines such as bias subtraction, flat-fielding with both dome and twilight flats, cosmicray removal, and the mosaicking of overlapping pointings for galaxies with large angular extents. The southern 3 0 of the KPNO 2.1 m CCD field of view suffers from vignetting; care is taken to remove as much of the vignetted portion of the KPNO images as feasible. Photometric standard stars were observed during each observing run to flux-calibrate the images. The images have photometric accuracy of 5% or better.
Global optical fluxes are extracted using the same apertures used for the IRAC and MIPS global flux extractions; these apertures cover at least the entire optical disk (see Table 1 ) and are chosen to be large enough to encompass all of the optical and infrared emission; in many instances the extended 160 m emission drives the final choice of aperture. Sky estimation and subtraction are carried out through the use of multiple sky apertures placed near the source without overlapping the faintest isophotes visible from the galaxy. Foreground stars are edited from the optical images after first being conservatively identified using f (3.6 m)/ f (8.0 m) and f (8.0 m)/f (24 m) color images [e.g., f (8:0 m)/f (24 m) > 8 for stars].
Infrared Data
A full description of the infrared (2MASS, ISO, IRAS, Spitzer) and submillimeter (SCUBA) data can be found in Dale et al. (2005) . In this section we present details of a few additional modifications and updates to the Spitzer data. Notes.-See x 3 for corrections that have been applied to the data. The uncertainties include both statistical and systematic effects (P10% for the optical and nearinfrared data). The 2MASS near-infrared data are from Jarret et al. (2003) .
a The far-ultraviolet detector was turned off during the observation. b Data from the RC3 catalog (de Vaucouleurs et al. 1991) .
18 A few SINGS sources are not in the GALEX Atlas of Nearby Galaxies, but the observing and data reduction procedures for these galaxies are the same as for the Atlas targets (e.g., M81 Dwarf A, NGC 3773, NGC 4254, NGC 4725, NGC 6882, and NGC 6946). Gordon et al. 2007, in preparation; J. Stansberry et al. 2007, in preparation) . The uncertainties provided in Table 3 include both calibration and statistical uncertainties. Calibration uncertainties are 5%Y10% for IRAC 3.6 and 4.5 m data and 10% Y15% for IRAC 5.8 and 8.0 m data; 10% calibration uncertainties are used in Table 3 . The IRAC flux densities in Table 3 include extended source aperture corrections provided by the Spitzer Science Center.
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These corrections account for the ''extended'' emission due to the wings of the point-spread function (PSF) and also for the scattering of the diffuse emission across the IRAC focal plane. For an effective aperture radius r ¼ (ab) 1/2 in arcseconds derived from the semimajor a and semiminor b ellipse axes provided in Table 1 , the IRAC extended source aperture correction is
where A, B, and C are listed in Table 3 also include extended source aperture corrections. Three high-resolution models of a galaxy's structure are generated by convolving an R-band image of the galaxy with the MIPS PSFs. The MIPS aperture corrections listed in Table 5 are computed for the same apertures used in the global flux extractions (Table 1) 
derived from data presented by K. D. Gordon et al. (2007, in preparation) , is applied to pixel values above a threshold of $66 MJy sr À1 . A small fraction of the pixels in a total of 40 SINGS 70 m images require such a correction. The median correction to the global 70 m flux density for these 40 galaxies is a factor of 1.03, with the three largest corrections being factors of 1.124 (NGC 4826), 1.128 (NGC 1482), and 1.158 (NGC 7552).
Radio Data
Global 20 cm continuum fluxes from the literature are available for 62 SINGS galaxies, with data for 51 of these galaxies taken from the New VLA Sky Survey catalog (Condon et al. 1998; Yun et al. 2001 ; see Table 3 ). Although this is a snapshot survey and prone to miss extended emission from galaxies having large angular extents, proper attention has been paid to these effects to derive unbiased 1.4 GHz fluxes (e.g., Yun et al. 2001 ). The 20 cm data for 11 additional galaxies were taken from Condon (1987), Hummel (1980) , Condon et al. (1990) , Wright & Otrupcek (1990) , Bauer et al. (2000) , and Cannon et al. (2006b) . Figure 1 shows the ultraviolet-to-submillimeter SEDs for the SINGS sample. The solid line is the sum of a dust (dashed line) and a stellar (dotted line) model. The dust curve is a model ( least squares) fitted to ratios of the 24, 70, and 160 m fluxes (a dust curve for NGC 3034 is fitted using IRAS 25, 60, and 100 m data, since the MIPS data for this galaxy are saturated). The SED listed within each panel parameterizes the distribution of dust mass as a function of heating intensity, as described in . Broadly speaking, smaller values of SED (more heating from stronger interstellar radiation fields) correspond to later Hubble types and larger infrared-toultraviolet ratios. The stellar curve is a 1 Gyr continuous star formation, solar metallicity curve from Vazquez & Leitherer (2005) fitted to the 2MASS data. The initial mass function for this curve utilizes a double power-law form, with 1;IMF ¼ 1:3 for 0:1 < m/M < 0:5 and 2;IMF ¼ 2:3 for 0:5 < m/M < 100 (e.g., Kroupa 2002). Although this stellar curve (not adjusted for internal extinction) may not be applicable to many galaxies, especially elliptical galaxies, it is included as a ''standard'' reference against which deviations in the ultraviolet and optical can be compared from galaxy to galaxy. The stellar curve also serves to highlight the relative importance of stars and dust in each galaxy, particularly in the transition from stellar to dust emission in the mid-infrared (e.g., NGC 1404 vs. NGC 1482).
RESULTS
Global Broadband Spectral Energy Distributions
Several galaxies show mid-infrared data that deviate from the fits. Most of these systems are low-metallicity objects (e.g., Holmberg II, NGC 2915, IC 2574, DDO 154, DDO 165, and NGC 6822), objects that have been shown to be deficient in polycyclic aromatic hydrocarbon (PAH) emission (see the discussion in x 4.2). The mid-infrared data for NGC 1377 are also quite discrepant from the model, showing a strong excess for each of the broadband filters from 3.6 to 15 m. The substantial hot dust emission and lack of optical signatures or synchrotron radiation led Roussel et al. (2003) to infer that this heavily extincted system is undergoing the very beginnings of an intense burst of star formation.
Spectral Energy Distributions Binned by the Infrared-to-Ultraviolet Ratio
Analysis of the distribution of global (spatially integrated) SEDs is a sensible starting point for current cosmology surveys (e.g., Rowan-Robinson et al. 2005) . Figure 2 shows a stack of SINGS SEDs that emphasizes the infrared-to-ultraviolet variations within the SINGS sample. Each SED in the stack represents an average of approximately 10 individual SEDs that fall within a given bin of the total infrared-to-ultraviolet ratio [TIR/( FUV+ NUV ); the bins are indicated in the figure legend] . The ultraviolet emission for this ratio is computed as f (1500 8) þ f (2300 8), whereas the ''total infrared'' is the dust continuum emission between 3 and 1100 m (Dale et al. 2001) , computed using the MIPS 24, 70, and 160 m fluxes and equation (4) of . The spectra are arbitrarily normalized at the 2MASS K s band wavelength.
Several features in the stack are immediately noticeable. The ultraviolet slopes vary from positive values for galaxies with high infrared-to-ultraviolet ratios to negative values for low infraredto-ultraviolet ratio galaxies (as explored in detail in x 5.6). The 4000 8 break shows up quite clearly, even at this coarse spectral ''resolution.'' Other obvious features include the broad far-infrared peak, signifying emission from cool to warm large grains; the contributions from PAHs appearing as mid-infrared emission features; the near-infrared hump arising from photospheric emission from old stellar populations; and a near-infrared HÀ opacity signature for high infrared-to-ultraviolet systems. Note also the broad spread in the ultraviolet data compared to that in the far-infrared. Since the spectra are normalized at K s , this difference implies that there is a larger spread in ultraviolet light per unit stellar mass than infrared light per unit stellar mass (Gil de Paz et al. [2007] , for example, find that ½FUV À K spans 11 mag in their GALEX Atlas ). The variations in the infrared-to-ultraviolet ratio studied later in this work are largely driven by variations in the ultraviolet emission.
Close inspection of Figure 2 reveals that most of the variation in the stacked spectra stems from the two extreme bins (bins ''1'' and ''6'') in the infrared-to-ultraviolet ratio. However, substantial variations are still seen in bins 2Y5 at ultraviolet and mid-infrared wavelengths. The bin 2Y5 range is 0.88, 0.78, 0.24, and 0.16 dex at 0.15, 0.23, 8.0, and 24 m, respectively (compared to the bin 1Y 6 range of 1.76, 1.46, 0.80, and 0.80 dex at the same wavelengths). The spread at ultraviolet wavelengths is presumably significantly affected by variations in dust extinction. The range in 8.0 m emission, on the other hand, is likely due to PAH destruction/ formation variations. Low-metallicity systems, for example, are known to be deficient in PAH emission (e.g., Dale et al. 2005; Engelbracht et al. 2005; Galliano et al. 2005; Walter et al. 2006) . Indeed, eight of the nine galaxies in the lowest infrared-toultraviolet ratio bin have low metallicities [12 þ log (O/ H ) < 8:1; J. Moustakas et al. 2007, in preparation] , and this bin's average spectrum in Figure 2 shows very low mid-infrared emission. The 24 m emission from galaxies is known to be sensitive to the star formation rate (e.g., Dale et al. 2005; Gordon et al. 2004; Helou et al. 2004; Hinz et al. 2004; Calzetti et al. 2005) ; the observed variations at this wavelength may be strongly affected by the range in the sample's star formation properties.
Principal Component Analysis
A principal component analysis can help to quantify relative contributions to the observed variations in a sample of SEDs ( Deeming 1964) . A set of i eigenvectors fe i g and their corresponding eigenvalues fe i g for our sample of N galaxies are computed from a diagonalization of the covariance matrix
where f i (k j ) is the flux of the ith spectrum at wavelength k j . We restrict the computation of the covariance matrix to involve only those wavelengths for which we have a substantial database of fluxes; submillimeter data at 450 and 850 m are not included in the principal component analysis. Furthermore, to avoid spurious results, we do not include in our analysis any SINGS galaxies without a secure detection/measurement at any of the ultraviolet, optical, near-infrared, or infrared wavelengths listed in Tables 2 and 3 . Hence, our principal component analysis involves only about three-fourths of the SINGS sample (Table 1 indicates which systems are involved). Our principal component analysis is carried out after normalizing the spectra at the 2MASS K s band wavelength.
The principal component analysis has produced eigenvectors that describe different components of the sample spectra (Fig. 3) . The most important eigenvectors are the first two. Eigenvector e 1 appears to describe the contribution of unobscured starlight (including starlight from star formation regions) to the galaxies' spectra. This eigenvector also includes additional low-level farinfrared emission that may represent cirrus emission from the diffuse interstellar medium. Eigenvector e 2 appears to describe the effects of dust on the shape of the spectrum. This eigenvector demonstrates that as the dust content of the galaxies increases, the midand far-infrared flux densities increase while the starlight becomes redder (i.e., the ultraviolet and blue light decreases while the red and near-infrared light increases).
The individual eigenvalues normalized by the sum AE j e j of all eigenvalues indicate the fractional contribution of each corresponding eigenvector to the variation in the spectral atlas (when normalized at K s ). The normalized e 1 and e 2 eigenvalues (which correspond to the e 1 and e 2 eigenvectors) are 0.88 and 0.07, respectively. In other words, e 1 and e 2 represent 88% and 7% of the total variation in the spectral atlas. The remaining 5% of the variation is represented by additional eigenvectors with corresponding normalized eigenvalues that are individually 0.02 or smaller. To quantify the uncertainty on these numbers, we have performed 10,000 Monte Carlo simulations of the principal component analysis. For each simulation we use the tabulated flux uncertainties to add a random (Gaussian deviate) flux offset to every galaxy's flux at each wavelength. The means of the two largest normalized eigenvalues from these simulations are he 1 i ¼ 0:88 AE 0:01 and he 2 i ¼ 0:07 AE 0:01, with the error bars reflecting the standard deviations in the simulations. The eigenspectra and error bars in Figure 3 reflect the mean values and standard deviations in the simulations.
THE INFRARED-TO-ULTRAVIOLET RATIO
The infrared-to-ultraviolet ratio is a rough measure of the amount of extinction at ultraviolet wavelengths. The infrared-to-ultraviolet ratio in galaxies is also sensitive to the metal content, luminosity, star formation history, and the relative distribution of interstellar grains with respect to their heating sources. What is the predominant driver of the variations in this ratio in galaxies? Which parameters can be used to most easily quantify these variations, with the aim of simplifying SED analysis? Various possibilities are presented and discussed below. 
Inclination
The tilt of a spiral disk with respect to the observer's line of sight affects the observed intensity and colors (e.g., Bruzual et al. 1988; Boselli & Gavazzi 1994; Giovanelli et al. 1995; Kuchinski et al. 1998 ). The ''disk'' inclination can be computed from the observed semimajor and semiminor axes, a and b, assuming that disks are oblate spheroids with intrinsic axial ratio (b/a) int using the relation
where (b/a) int ' 0:2 for morphological types earlier than Sbc and (b/a) int ' 0:13 otherwise (see Dale et al. 1997 and references therein) . Figure 4 gives the infrared-to-ultraviolet ratio as a function of galaxy disk inclination. Galaxies with elliptical and irregular morphologies have not been included in the plot. The dotted line (normalized to an infrared-to-ultraviolet ratio of unity at zero inclination) shows the expected effect of extinction on the ultraviolet data with changing inclination using the thin-disk model and a central face-on optical depth in the B band of Tuffs et al. (2004) , it is a weak trend that is washed out by a large dispersion. The data in Figure 4 indicate that moderate disk inclinations are not a dominant factor in determining the infrared-to-ultraviolet ratio in SINGS galaxies. Figure 5 displays the infrared-to-ultraviolet ratio as a function of galaxy optical morphology. In general, the ultraviolet light increases in importance and the dust emission decreases in importance as the morphology changes from early-type spiral galaxies to late-type spiral galaxies to irregular galaxies, reflecting the changing significance of recent star formation and dust content/ distribution to the overall energy budget in galaxies (see also Buat & Xu 1996; Gil de Paz et al. 2007 ). One interpretation is that the infrared-to-ultraviolet ratio increases as the redder, older stellar populations increasingly dominate for earlier type spiral galaxies, but as shown in x 5.3, the increased porosity of star-forming regions for more actively star-forming galaxies may play a key role in this trend. Elliptical and S0 galaxies do not follow the general trend exhibited by the spiral and irregular galaxies; some elliptical and S0 galaxies show comparatively low infrared-toultraviolet ratios. This deviation to low infrared-to-ultraviolet ratios for some of the earliest type galaxies could be due to a relative paucity of dust grains intercepting ultraviolet /optical/near-infrared photons and reprocessing that energy into the infrared; the infrared portion of the bolometric luminosity in elliptical galaxies is typically only a few percent (Xilouris et al. 2004) . Moreover, some elliptical systems are conspicuous ultraviolet emitters, with the emission thought to mainly arise from low-mass, heliumburning stars from the extreme horizontal branch and later phases of stellar evolution (for a review see O'Connell 1999). Low or moderate levels of star formation could also contribute to the ultraviolet emission in early-type galaxies (e.g., Fukugita et al. 2004) . Recent evidence shows that strong ultraviolet emitters are the largest contributors to the significant scatter in the ultraviolet colors of early-type galaxies (e.g., Yi et al. 2005; Rich et al. 2005) .
Hubble Type
This wide range in the fractional ultraviolet luminosity also leads to significant scatter in the infrared-to-ultraviolet ratio. Although the statistics are based on small numbers, a similarly large dispersion is seen for irregular systems at the other end of the morphological spectrum. Part of this dispersion is likely associated with the metal content in irregular/dwarf systems. In general, irregular galaxies are quite blue and metal-poor (e.g., Hunter & Gallagher 1986; van Zee et al. 1997) . Ultraviolet/optical continuum emission from low-metallicity galaxies experiences less extinction, which inhibits the production of infrared continuum emission (see previous paragraph). The combination of these effects leads to lower infrared-to-ultraviolet ratios in irregular galaxies. 20 
Far-Infrared Color
Although dwarf irregular galaxies show low infrared-toultraviolet ratios, their interstellar dust grains tend to be vigorously heated. The lower metallicity in these systems results in less line blanketing, which in turn leads to harder radiation fields. Many of the dwarf and irregular systems in the SINGS sample indeed have elevated f (70 m)/f (160 m) ratios (e.g., Dale et al. 2005; Walter et al. 2006 ; see also Boselli et al. 2003) , indicating strong overall heating of the dust grain population. The warmer far-infrared colors for SINGS dwarf/irregular galaxies are evident in Figure 6 , which plots the infrared-to-ultraviolet ratio versus farinfrared color for the entire SINGS sample.
An interesting feature to this plot is the apparent wedge-shaped distribution, with a progressively smaller range in the infrared-toultraviolet ratio for cooler far-infrared colors. There is no obvious trend in infrared-to-ultraviolet ratio with disk inclination (Fig. 4) , so it is unlikely that the distribution in Figure 6 is due solely to disk orientation. The amorphous, starbursting M82 hosts a large infrared-to-ultraviolet ratio and should be considered separately from the dwarf irregular galaxies.
The small data points without error bars come from the (IRAS based) GALEX Atlas of Nearby Galaxies (Gil de Paz et al. 2007) and follow the same general distribution as the SINGS data, suggesting that this wedge-shaped distribution is unlikely a sample selection effect. Presumably the upper left portion of this figure, for example, is empty since a large infrared-to-ultraviolet ratio requires lots of dust opacity, but higher opacity implies a larger density of interstellar dust closer to heating sources, therefore leading to warm dust and high values of f (70 m)/f (160 m).
The relative distribution of dust grains and their heating sources may, in fact, play a key role in creating this overall wedge-shaped distribution. As argued above, it is reasonable to assume that galaxies with relatively high f (70 m)/f (160 m) ratios have hotter dust since the dust in such systems is near sites of active star formation or active nuclei. Moreover, galaxies that appear as several bright clumps in the infrared such as Holmberg II provide a large number of low optical depth lines of sight from which ultraviolet photons may escape (or their ultraviolet emission does not come from a single burst, but is rather more continuous or multigenerational in nature). Such clumpy galaxies would hence show comparatively low infrared-to-ultraviolet ratios. On the other hand, ultraviolet photons from galaxies that appear in the infrared as a single pointlike blob of nuclear emission (e.g., NGC 1266) would encounter significant extinction, and hence such galaxies would exhibit high infrared-to-ultraviolet ratios and high dust temperatures. In contrast to hot dust systems, galaxies with relatively low f (70 m)/f (160 m) ratios have cooler dust because the dust is not in spatial proximity of the hot stars (e.g., Panagia 1973) . The heating of dust via the weaker ambient interstellar radiation field would be fractionally higher in these galaxies. Therefore, their morphological appearance in the infrared should be comparatively smooth (e.g., NGC 2841).
Since the relative distribution of interstellar grains and their heating sources is central to the scenario outlined above, we turn to the 24 m morphology of SINGS galaxies to provide a test of the above scenario. MIPS 24 m data may be uniquely suited for such a test, as the data have significantly higher spatial resolution than either 70 or 160 m imaging (the 6 00 24 m beam corresponds to $0.3 kpc at 10 Mpc) and effectively trace both interstellar grains and active sites of star formation 21 (e.g., Hinz et al. 2004; Gordon et al. 2004) . In fact, the 24 m emission can be spatially closely associated with H ii regions and in such cases is probably dominated by dust from within these regions ( Helou et al. 2004; Murphy et al. 2006) . To facilitate our analysis, we have decomposed the 24 m images into unresolved (point sources) and resolved emission. The point-source photometry is done using StarFinder ( Diolaiti et al. 2000) , which is appropriate for the stable and well-sampled MIPS 24 m PSF. A STinyTim ( Krist 2002 ) model PSF with a temperature of 100 K, smoothed to account for pixel sampling, is used. Smoothed STinyTim PSFs are excellent matches to observed MIPS 24 m PSFs (C. W. Engelbracht et al. 2007, in preparation) . An image of all of the detected point sources is created along with a difference image made by subtracting the point-source image from the observed image. The fluxes are measured in the point-source (''unresolved'') and difference (''resolved'') images in the same aperture used for the total galaxy measurement (see Fig. 7 ). In addition, nuclear fluxes are measured in a 12 00 radius circular aperture on the observed image.
The results from this analysis are displayed in Figures 8 and 9 . In Figure 8 the symbol size linearly scales with the ratio of unresolved to resolved 24 m emission, with the largest symbols corresponding to ratios $10.
In addition, each data symbol reflects the ratio of nuclear to total 24 m emission, as indicated in the figure legend. Galaxies dominated by a single point source of nuclear emission at 24 m appear preferentially in the upper right portion of the diagram. These galaxies contain hot dust and show relatively high infrared-to-ultraviolet ratios since the dust is centrally concentrated near the heating sources in the nuclei. Note that nuclear activity is not the main factor in determining the 24 m morphology: only two of the pointlike systems have active nuclei (NGC 1266 and NGC 5195) . Systems with clumpy 24 m morphologies appearing in the lower right corner still contain hot dust; the dust is concentrated around several heating sources, not just the nuclear ones. Moreover, the clumpy distribution provides a larger number of low or ''clean'' lines of sight for ultraviolet photons to escape the [See the electronic edition of the Journal for a color version of this figure.] galaxies, decreasing their infrared-to-ultraviolet ratios (see, for example, Roussel et al. 2005) . Finally, galaxies with smoother 24 m morphologies exhibit cooler far-infrared colors. To see the latter effect more clearly, we show in Figure 9 the ratio of unresolved-to-resolved 24 m emission as a function of far-infrared color. Clearly there is a trend, indicating that the 24 m morphology can, for nearby galaxies, indicate the relative separation between interstellar grains and their heating sources. Note that distance contributes but does not dominate as a driver for the effect (the symbol sizes are scaled according to galaxy distance).
Specific Star Formation Rate
One way to parameterize the star formation history of a galaxy is via the star formation rate per stellar mass, or the specific star formation rate (SSFR). Drory et al. (2004) and Feulner et al. (2005) , for example, have utilized the specific star formation rate to explore the role of star formation in the growth of stellar mass over cosmic timescales. In this work the specific star formation rate is quantified as a combination of the observed infrared and far-ultraviolet luminosities:
based on star formation rate conversion factors from Kennicutt (1998) . The numerator in equation (6), applicable for galaxies with continuous star formation occurring on timescales k10 8 yr, is a more robust way to quantify the star formation rate than relations that are limited to either infrared or ultraviolet luminosities. The infrared luminosity accurately corresponds to the star formation rate only in the limiting case where all of the star formationYrelated stellar emission is captured by interstellar dust grains. Similarly, the ultraviolet emission can also be a poor measure of the star formation rate, especially when extinction is significant. However, combining both the ultraviolet and infrared luminosities in equation (6) is akin to an extinction-corrected ultraviolet luminosity and thus more effectively recovers the true star formation rate (see also Bell 2003; Iglesias-Páramo et al. 2006) . We note that similar values are obtained when using the optimal infrared+ ultraviolet star formation rate tracer determined by Hirashita et al. (2003; their eq. [25] ), which incorporates parameters that account for the fraction of Lyman continuum luminosity ( f ' 0:57), the fraction of ultraviolet luminosity absorbed by dust ( ' 0:53) , and the fraction of dust heating by stellar populations older than 10 8 yr ( ' 0:40). The K s band luminosity in the denominator of equation (6) is equivalent to a stellar mass. Bell et al. (2003) , for example, fit stellar population synthesis models to thousands of 2MASS plus Sloan Digital Sky Survey opticalYnear-infrared data sets and find that the distribution of M Ã /L K s peaks near $0.8 M L
À1
for a wide range of galactic masses. Gavazzi et al. (1996) also show that the dynamical mass in a galaxy is proportional to the H-band luminosity. Figure 10 presents the interplay between the specific star formation rate, the infrared-to-ultraviolet ratio, and optical morphology. With the exception of a handful of nuclear 24 m sources with high infrared-to-ultraviolet ratios, the SINGS sample shows a general trend in this diagram. Galaxies with low specific star formation rates (SSFR P 0:9 yr À1 ) are of E, S0, S0/a, or Sa morphologies, consistent with the traditional notion that early-type galaxies exhibit low star formation rates per unit stellar mass (see, e.g., Sandage 1986 ). These early-type galaxies show increasing infraredto-ultraviolet ratios for increasing specific star formation rates. In contrast, spiral galaxies generally show SSFR k 0:9 yr À1 , and the later the spiral Hubble type, the larger the specific star formation rate and the smaller the infrared-to-ultraviolet ratio. Note that the numerator in equation (6) overestimates the star formation rate for early-type galaxies, since the bulk of their infrared and ultraviolet luminosities are not due to recently formed stars.
Assuming that equation (6) can be reasonably applied to the SINGS early-type galaxies, in order to observe larger infraredto-ultraviolet ratios (and thus larger dust extinction), increases in the specific star formation must be associated with increased amounts of interstellar dust. On the other hand, increasing the specific star formation rate in late-type galaxies results in smaller infrared-to-ultraviolet ratios: the additional ultraviolet photons in spiral galaxies with high SSFRs tend to more easily escape the galaxies, since their clumpy distribution of dust provides many more sight lines of low optical depth than found in 24 mYsmooth early-type galaxies. In other words, the increased star formation rate in later type spiral galaxies must lead to a higher density of holes through which ultraviolet photons can escape.
Luminosity
Global parameters related to galaxy structure, star formation history, molecular and atomic gas content, metallicity, etc., are known to trend with H-band luminosity, another popular proxy for galaxy stellar mass, especially for late-type galaxies (e.g., Gavazzi et al. 1996; Boselli et al. 2001) . Figure 11 displays the infraredYtoYfar-ultraviolet ratio versus 2MASS H-band luminosity. A clear correlation is found: more luminous (massive) galaxies show larger infraredYtoYfar-ultraviolet ratios, consistent with the findings of Cortese et al. (2006) . Although most of the low-luminosity dwarfs and early-type galaxies follow the general trend, the data for E and S0/S0a galaxies contribute to increased scatter at high luminosity. This increased scatter for early-type galaxies is not surprising given the large dispersion for these types of galaxies seen in Figure 5 and since the ultravioletemitting stars in the most massive early-type galaxies are generally associated with an old stellar population (see Boselli et al. 2005) . Although the older stars might also contribute to the dust heating in massive early-type galaxies, the spectral shapes in Figure 1 suggest that the bulk of the dust heating in these systems is dominated by intermediate-age stars emitting mostly in the visible. In contrast, the spectral shapes for most later type galaxies in Figure 1 indicate that the bulk of the dust heating is being carried out by a younger (bluer) stellar population.
Ultraviolet Spectral Slope
The infrared-to-ultraviolet ratio has been shown to be fairly tightly correlated with the ultraviolet spectral slope in starburst galaxies, an important discovery that allows the extinction at ultraviolet wavelengths to be estimated from ultraviolet spectral data alone (e.g., Calzetti et al. 1994; Calzetti 1997; Meurer et al. 1999) . A starburst galaxy is defined here as a galaxy experiencing prodigious, recent star formation (perhaps triggered by an encounter) at a rate that cannot be sustained over the lifetime of the galaxy. Nonstarbursting galaxies have also been studied in the context of infrared-to-ultraviolet ratio and ultraviolet spectral slope, but their data show a larger dispersion, with normal starforming and quiescent systems exhibiting redder ultraviolet spectra and/or lower infrared-to-ultraviolet ratios (e.g., Buat et al. 2002 Buat et al. , 2005 Bell 2002; Kong et al. 2004; Gordon et al. 2004; Burgarella et al. 2005; Calzetti et al. 2005; Seibert et al. 2005; Cortese et al. 2006; Boissier et al. 2007; Gil de Paz et al. 2007 ). The intrinsic ultraviolet spectral slope is quite sensitive to the effective age of the stellar population, leading Calzetti et al. (2005) Fig. 10.-Infrared-to-ultraviolet ratio as a function of the specific star formation rate (eq. [6]). The error bars derive from the observational uncertainties plus a 30% factor assumed for converting the K s luminosity to a stellar mass (see x 5.4). to suggest that the evolved, nonionizing stellar population ($50Y 100 Myr) dominates the ultraviolet emission in normal systems, in contrast to current star formation processes dominating the ultraviolet emission in starbursts. The increased diversity in the ultraviolet spectral slopes for evolved stellar populations manifests itself as a larger dispersion for quiescent and normal star-forming galaxies in plots of the infrared-to-ultraviolet ratio as a function of ultraviolet spectral slope. Interestingly, Boissier et al. (2007) use azimuthally averaged radial profiles, and after excluding emission from the bulge/nucleus, they find that the relation between infrared-to-ultraviolet and ultraviolet slope tightens up compared with the one obtained using the integrated data. This result is consistent with the interpretation of Calzetti et al. (2005) either if the evolved stellar populations in normal star-forming galaxy bulges cause the increased scatter compared to the starburst trend or if azimuthally averaging smooths over small-scale effects such as the heating of dust in one region by ultraviolet light from a different nearby region. Figure 12 displays a diagram of spatially integrated infraredto-ultraviolet ratios and ultraviolet spectral slopes. Normal starforming and starbursting galaxies from Kong et al. (2004) and Calzetti et al. (1995) are plotted in addition to the SINGS data points. The dotted line is that for starbursting galaxies from Kong et al. (2004) , and the solid line is applicable to normal star-forming galaxies of type Sa or later (Cortese et al. 2006) . Similar to what has been found for other samples of nonstarbursting galaxies, the SINGS data set shows more scatter in this diagram and the galaxies are redder in their ultraviolet spectral slope compared to starburst galaxies. Inspection of the distribution as a function of SINGS optical morphology, however, shows that the 14 reddest SINGS galaxies are type Sab or earlier, a result that is perhaps expected for systems with quenched star formation rate histories; the early-type galaxies in SINGS contribute to most of the observed scatter, such that the trend for the subset of just late-type SINGS galaxies shows a dispersion comparable to that for starbursts. The 14 reddest SINGS galaxies also significantly differ from even the normal galaxy curve, but this is consistent with the fact that Cortese et al. (2006) excluded types earlier than Sa for their analysis. Finally, although the SINGS sample shows very large dispersion and does not as a whole match the starburst trend, we have verified that the starburst subset of SINGS (e.g., Mrk 33, NGC 1705, NGC 2798, NGC 3034, NGC 7552) does indeed match the canonical starburst trend.
DISCUSSION AND SUMMARY
The ultraviolet-to-radio broadband SEDs are presented for the 75 galaxies in the Spitzer Infrared Nearby Galaxies Survey, a collection of galaxies that broadly samples the wide variety of galaxy morphologies, luminosities, colors, and metallicities seen in the local universe. The infrared-to-ultraviolet ratio is explored in conjunction with several global parameters. An interesting empirical finding is that systems with cooler dust show a restricted range of infrared-to-ultraviolet ratios ($0.5 dex), while systems with warm global far-infrared colors exhibit a large range of infrared-to-ultraviolet ratios ($3 dex). To put it another way, the cold dust systems in the SINGS sample show average ultraviolet extinctions; no cold galaxy is particularly optically thick or thin. There remains the possibility that part of this distribution is attributable to selection effects, but we use the morphology from MIPS 24 m imaging to interpret this distribution to result from the relative distribution of dust grains and their heating sources. Nearby galaxies with globally cooler dust appear smoother at 24 m, from which we infer that the dust grains are well mixed throughout the interstellar medium and not concentrated near sites of active star formation. On the other hand, galaxies with elevated f (70 m)/f (160 m) ratios appear as one or a handful of clumps at 24 m and thus have much of their dust considerably closer to heating sources. The observed range in infrared-to-ultraviolet ratio is also related to the 24 m morphology, from which the density of available clean lines of sight for ultraviolet photons to escape can be inferred. The dust distribution in galaxies appearing as a single clump at 24 m heavily enshrouds the heating sources ( high infrared-to-ultraviolet ratios), galaxies with multiple clumps at 24 m provide a large number of low optical depth lines of sight along which ultraviolet photons can escape (low infrared-to-ultraviolet ratios), and a smooth distribution at 24 m implies a dust distribution that provides an intermediate number of low optical depth lines of sight (average infrared-to-ultraviolet ratios). Detailed studies of the relative distributions of the infrared emission and the ionizing radiation fields in SINGS galaxies have been carried out in IC 2574 (Cannon et al. 2005) , NGC 1705 (Cannon et al. 2006a) , and NGC 6822 (Cannon et al. 2006b ). These dwarf galaxies appear as multiple clumps at 24 m and show low optical extinctions and highly variable ratios of H to infrared (i.e., significant ultraviolet photon leakage), consistent with our expectation that multiclump 24 m galaxies should have warm far-infrared colors and low global infrared-to-ultraviolet ratios.
A principal component analysis of the SINGS broadband spectra indicates that most of the sample's large broadband spectral variations stem from two underlying components, one typical of a galaxy with a low infrared-to-ultraviolet ratio (88% of the sample variation) and one indicative of a galaxy with a high infrared-toultraviolet ratio (7% of the sample variation). The implication is that the star formation history (i.e., the specific star formation rate, the birthrate parameter, or some other measure of the current to past star formation rate) may be the dominant regulator of the broadband spectral variations between galaxies. From a morphological standpoint, we find that much of the dispersion in plots Fig. 12. -InfraredYtoYfar-ultraviolet ratio as a function of ultraviolet spectral slope. Normal star-forming and starbursting galaxies from Kong et al. (2004) and Calzetti et al. (1995) are plotted in addition to the SINGS data points. The dotted line is that for starbursting galaxies from Kong et al. (2004) , and the solid line is applicable to normal star-forming galaxies (Cortese et al. 2006) . [See the electronic edition of the Journal for a color version of this figure.] such as infrared-to-ultraviolet versus ultraviolet spectral slope (Fig. 12) stems from early-type galaxies, which have significantly redder ultraviolet spectra than other galaxy types. In fact, the galaxies with the highest optical-to-infrared ratios, the smallest specific star formation rates, and the reddest ultraviolet slopes are all early-type galaxies (see Figs. 1, 10, and 12, respectively) .
Evidence for the star formation history regulating spectral variations is found in a striking trend in the infrared-to-ultraviolet ratio as a function of the specific star formation rate ( Fig. 10) . Early-type galaxies show higher ratios of infrared to ultraviolet ( higher dust extinction) for larger specific star formation rates, implying that the specific star formation rate in elliptical and S0 galaxies is closely tied to the amount of dust. Conversely, spiral galaxies show lower infrared-to-ultraviolet ratios ( lower dust extinction) for higher specific star formation rates, suggesting that the specific star formation rate in elliptical galaxies is linked to the distribution of dust: in spiral galaxies a larger number of holes are created for increased star formation activity, holes through which ultraviolet light more easily passes out of galaxies.
In a study of 99,088 galaxies from the Sloan Digital Sky Survey, Obrić et al. (2006) find that the GALEX, Sloan, and 2MASS data ''form a nearly one parameter family.'' In particular, they can predict with 20% accuracy the 2MASS K s flux using just the Sloan u and r fluxes. In addition, they can predict to within a factor of 2 certainty the IRAS 60 m flux based on the Sloan broadband data. Such simple optical-infrared correlations are not seen for SINGS galaxies. However, Obrić et al. (2006) are only able to identify IRAS fluxes for less than 2% of their sample, and this subset is strongly biased to optically blue galaxies. The SINGS sample, although far smaller in size, provides complete panchromatic information for a far more diverse ensemble of galaxies and is thus much less biased to a particular subset of the local galaxy population.
Support for this work, part of the Spitzer Space Telescope Legacy Science Program, was provided by NASA through contract 1224769 issued by the Jet Propulsion Laboratory, California Institute of Technology under NASA contract 1407. A. G. d. P. is financed by the MAGPOP EU Marie Curie Research Training Network and the Spanish Programa Nacional de Astronomía y Astrof ísica under grant AYA2003-01676. We are thankful for the hard work put in by the instrument teams and the Spitzer Science Center. We gratefully acknowledge NASA's support for construction, operation, and science analysis for the GALEX mission, developed in cooperation with the Centre National d'Etudes Spatiales of France and the Korean Ministry of Science and Technology. This research has made use of the NASA/IPAC Extragalactic Database, which is operated by JPL/Caltech, under contract with NASA. This publication makes use of data products from the Two Micron All Sky Survey, which is a joint project of the University of Massachusetts and IPAC/Caltech, funded by NASA and the National Science Foundation.
